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A b s  t r ac t 
Pre l imina ry  thermal  vacuum i n - s i t u  t e s t i n g  has s tar ted 
u s i n g  a new r e f r i g e r a n t  w i th  thermal range i n  excess of -90W 
t o  +15OoC, 
The t r i a l  tes ts ,  us ing  a n  obsolete replica g r a t i n g  of 
known l i m i t e d  the rma l  range ,  showed a d e t e r i o r a t i o n  i n  beam- 
width  a t  b o t h  1216A and 4471A i n c r e a s i n g  s lowly u n t i l  55OC 
and thereafter d e t e r g o r a t i n g  more r a p i d l y y ,  A c o o l i p g  back t o  
t h e  i n i t i a l  25*C did  na$% s h o w  a n  l l e l a s t i c i t y f *  i n  t h e  s ense  
t h a t  t h e  b e a m w i d t h  d id  n o t  r e t u r n  t o  t h e  i n i t i a l  l o w  va lue ,  
T e s t i n g  a t  reduced tempera tures  w i l l  be undertakep as soon 
as a new pump capable  of handl ing  t h e  r e l a t i v e l y  h igh  v i s c o s i t y  
of t h e  r e f r i g e r a n $  a t  t h e  lower tempera tures  is d e l i v e r e d ,  
Stress by ene rge t5c  r a d i a t i o n  has cont inued  and t h e  
range of materials has  been expanded t o  i n c l u d e  v i r t u a l l y  
a l l  those qop usecj f o r  makipg replica d & f f r a c t i o n  g r a t i n g s ,  
These materials are Pyrex, BSC2, s y n t h e t i c  frrsed s i l i c a ,  
fqsed q u a r t z ,  Vycoq and C e r v i t ,  C e r v i t ,  whgle posses s ing  a 
ve ry  l o w  thermal  c o e f f i c i e n t  of expansion,  c u r i o u s l y  enough 
shows an e x c e p t i o n a l  s e n s i t i v i t y  t o  e l e c t r o n  i r r a d i a t i o n ,  
S y n t h e t i c  f u s e d  s i l i c a  a t  t h i s  p o i n t  i s  i n d i c a t e d  as Showing 
t h e  least  c$eformation t o  e l e c t r o n  i r r a d i a t i o n , B e t a  i r r a d i a t i o n  
of Pyrex by s e l e q t e d  radioisotopes has  cont inued,  
1. Purpose of E f fo r t  , 
1,l Thermal Vacuum S t r e s s i n q  
A f t e r  many equipment f a i l u r e s ,  t h e  thermal  vacuum i n -  
s i t u  s t r e s s i n g  w a s  started. The purpose of t h i s  w o r k ,  as 
has p r e v i o u s l y  been s ta ted,  i s  t o  observe  the  response of 
t h e  g r a t i n g s  w h i l e  t h e y  are a c t u a l l y  be ing  stressed, 
Previous thermal  vacuum tests have been made b u t  t h e s e  
demonstrated on ly  t h e  a b i l i t y  (a  k i n d  of " e l a s t i c i t y ' s )  
___p_ 
of t h e  g r a t i n g s  t o  r e t u r n  t o  t h e i r  u n s t r e s s e d  behaviour  
r a t h e r  t h a n  what t h e y  a c t u a l l y  did w h i l e  be ing  stressed, 
1.2 P a r t i c l e  I r r a d i a t i o n  
The purpose of t h e  i r r a d i a t i o n  w o r k  t h i s  period w a s  
t o  ex tend  o u r  knowledge of t h e  response  t o  a space 
environment invo lv ing  h igh  energy e l e c t r o n s  of replica 
g r a t i n g s  and s u b s t r a t e s  of impor tan t  b u t  h i t h e r t o  un- 
tested materials, Accordingly C e r v i t  ( a  v i t r i f i e d  
ceramic), GE151 (a  h igh  grade s y n t h e t i c  fused  s i l i c a ) ,  
GE125 (a f u s e d  q u a r t z ) ,  and Vycor yere s u b j e c t e d  t o  
h igh  energy e l e c t r o n s  from a Dynamitron accelerator , ,  
The l o w  i n t e n s i t y  i r r a d i a t i o n  by special radioisotope 
sources  (see d e s c r i p t i o n  i n  Phase I V  Report) of Pyrex 
g r a t i n g s  and s u b s t r a t e s  w a s  cont inued ,  
2. Nature of E f f o r t  
2.1 
I n  t h e  l as t  report a d i f f i c u l t y  w i t h  t h e  R T l l  re- 
f r i g e r a n t  was no ted ,  v i z ,  t h a t  i t  boiled a t  room t e m -  
p e r a t u r e  u n l e s s  pressurized. A d i f f e r e n t  r e f r i g e r a n t ,  
TMC, w a s  t r i ed  and i t  indeed did ex tend  t h e  a l lowable 
thermal range to include room temperature and un- 
pressurized operation, 
TMC far several weeks it was faund that in spite of pump 
manufacturer's guaran-kees to the contrary, the TMC was 
attacking the pump seals and producing leaks. 
Unfortunately after using the 
Investigation of a better brine with which to 
thermally stress gratings in a vacuum has now led us to 
the use of a relatively new refrigerant, Dupontts E-3, 
We gratfully acknowledge the gift on an initial charge 
of the E-3 frorq the Dupont Co, This brine, while quite 
expensive, will cover the desired thermal range and do 
it without pressurization, One problem remains at the 
lower temperatures and that is the rapid rise in 
viscosity of the brine, At -48OC the viscosity is 75 
centistokes, while at lOO*C it is only about 0.4 
centistokes, The present centrifugal pump is not 
capabJe of sufficient pressure at the lower temperatures 
to push the brine fast enough to lower the temperatures 
in the tei;t bed to a satisfactory point, Thus while a 
new pump is being procured, attention has been cogcen- 
trated on testing at elevated temperatures. 
In view of the fact that we planned to test the 
concave gratings to the point where the surfaces were 
deformed beyond use, it was felt desirable to test ou-t 
procedure on an old grating made by a replication process 
long since discarded, 
3. 
Two wavelengths w e r e  selected for  test  i n  order t o  
g e t  a f e e l  as t o  whether t h e  tests of g r a t i n g s  des igned  
for  u s e  i n  t h e  vacuum u l t r a v i o l e t  could  be adequate ly  
measured i n  t h e  v i s i b l e  reg ion .  The r e s u l t s  are shown 
i n  Table  1, The r ead ings  w e r e  t aken  as t h e  temperature  
w a s  i n c r e a s e d  f r o m  25OC t o  t h e  p o i n t  where a g r o s s  
d e t e r i o r a t i o n  i n  t h e  12164 l i n e  occur red  then  t h e  t e m -  
p e r a t u r e  w a s  allowed t o  c o o l  back t o  25OC and t h e  g r a t i n g  
checked aga in ,  Gra t ing  tempera tures  w e r e  measured b y  
means of a thermocouple affixed t o  t h e  side of t h e  
g r a t i n g s  w i t h  Devcon--a p rev ious ly  tested procedure.  
TABLE 1 
V a r i a t i o n  of B e a m w i d t h  and Maximum I n s t e n s i t y  as a Funct ion 
of Replica Gra t ing  Temperature 
A .  1216A 
Temperature Beamwidth (BW) Maximum I n t e n s i t y  
("C) 
2 5  .2qA 71 
35 
45 
. 32 
0 32 
66 
58 
55 e 36 54 
65  g r o s s  32 
25  - line cou ld  not be found - submerged i n  n o i s e  
E. 447 1A 
25  
35 
45 
. 32A 72 
e 3 5  
e 33 
6 5  
78 
55 .33 * 54 
65 e 39 34 
2 5  043 22 
4, 
Certain observations can be made with respect to Table I. 
The BW are accurate to +,02A as deduced from 
previous experiments, 
A s  the temperature is increased, the BW broadens 
slowly until the temperature hits 55OC, After 
this point the detergoration rapidly increases. 
This old replication material is not "elastic", 
i.e. it does not return to its original condition 
after the thermal stress i s  removed, If anything, 
there seems to have been a "deformation inertiag9 in 
that the BW when measured after the temperature was 
reduced is worse than it was at $he elevated tem- 
perature from which it pas cooled, 
The "maximum intensityPf, i.e. the maximum deflection 
of the photomultiplier output recording pen as the 
test bed swept through the wavelength under study, 
definitely reduced as the temperature went up, 
Efficiency measurements were made at each tems 
perature but we are not completely Satisfied with 
the technique used and more work remains to be done 
before full credence can be given the results. 
2.2 Particle Irradiation 
2.2.1 
In spite of the fact that the "total" dose, i,e, 
integrated dose over the complete energy spectrum of the 
isotopes used, was about JOI5 electrons, little or no 
deformation of the sur$aces of either gratings or aluminized 
substrates was noted. The substrate material wgs Pyrex, 
5, 
a material which if given a monoenergetic dpse of this 
same amount in a relatively short time would have de- 
formed perhaps as much as 2 fringes, 
Two possibilities immediately present themselves 
( a )  the surface deformation is energy sensitive and/or 
(b) the surface deformation is rate sensitive, There 
is some evidence to support the deformation being energy 
sensitive as Dynamitron irradiations of constant dose 
at lo1* electrons/cm2 produce more distortion at 1.0 Mev 
than at , 3  Mev on the basis of preliminary tests, W h i l q  
energy dependence as well as rate dependence does appear 
likely, more work will have to be done to settle this 
point , 
It should be definitely emphasized that this 
question of the deformation being energy dependent is 
indeed an important point as in space we have a poly-- 
rather than a monq-energetic environment, 
While little or no surface deformation has been 
noted with the isotope irradiation, defjnite substrate 
discolorafion is observed, 
much more pronounced when irradiated with a spectrum 
relatively richer in higoer energy particles ( S W O )  
than when irradiated with a spectrum relatively richer 
in lower energy particles (Pm147). There is a difference 
in the way the discoloration appears with polyenergetiF 
irradiation v s ,  that with monoenergetic irradiation. In 
the former the disyoloration extends more or less 
uniformly from the irradiated side inwards several mrn, 
This discoloration is 
In the latter there is little or no discoloration 
6 .  
u n t i l  t h e  '* te rmina l  depth" of e l e c t r o n  p e n e t r a t i o n ,  
s e v e r a l  mm,  i s  reached. 
2.2.2 
The i r r a d i a t i o n  o f  t h e  GEl5l whi le  n o t  as y e t  
complete shows t h a t  t h e  deformation of t h i s  s y n t h e t i c  
f u s e d  s i l i ca  c l o s e l y  p a r a l l e l s  t h a t  of t h e  p rev ious ly  
tes ted s y n t h e t i c  f u s e d  s i l i ca ,  Dynasil .  
The f u s e d  q u a r t z  tested,  GE125, shows no t  o n l y  
more s u r f a c e  deformat ion  b u t  a c u r i o u s l y  mottled 
d i s c o l o r a t i o n  not  a t  a l l  c h a r a c t e r i s t i c  e i t h e r  i n  
i n t e n s i t y  or macroscopic appearance t o  t h a t  seen  i n  
Pyrex, BSC2, or s y n t h e t i c  f u s e d  s i l ica .  These 
i r r a d i c a t i o n  sTudies  are a l s o  n o t  complete, 
One of t h e  r e c e n t l y  developed o p t i c a l  materials 
of ou t s t and ing  s t a b i l i t y  when s u b j e c t e d  t o  thermal  
shock, C e r v i t ,  seems p e c u l i a r l y  s e n s i t i v e  t o  i r r a d i a t i o n  
as rega rds  s u r f a c e  deformation,  A dose as low as 
3.5 x electrons/cm2 produces a deformation o f  3/4 
of a f r i n g e  ( 3  t i m e s  t h e  normal commercial tolerance) 
whether used as an  aluminized s u b s t r a t e  or made i n t o  
a replica d i f f r a c t i o n  g r a t i n g ,  Pyrex, on t h e  o t h e r  
hand, also  shows a defoTmation of about  3/4 of a f r i n g e  
a t  3.5 x 1013 electrons/cm2 b u t  as t h e  dose i s  i n c r e a s e d ,  
however, t h e  C e r v i t  deforms much more r ap id ly .  A t  a 
dose of 2.1 x lo1' t h e  Pyrex shows a deformaTion of 2.5 
f r i n g e s  whi le  t h e  C e r v i t  shows a t  least 10 f r i n g e s ,  A t  
t h i s  same dose of 2.1 x 10'' e lectrons/cm , BSC2 shows 2 
7. 
a deformation of about 1 f r i n g e  and s y n t h e t i c  fused  
s i l i ca  only  about 1/3 f r i n g e ,  
Through t h e  cour t e sy  of t h e  J a y r e l l - A s h  Company 
w e  ob ta ined  t w o  r e p l i c 4  d i f f r a c t i o n  g r a t i n g s  
2 2 '  x 2%'' x 3/8" us ing  Vycor as a s u b s t r a t e  and were 
able t o  inc lude  them i n  a p rev ious ly  planned i r r a d i a t i o n ,  
Both g r a t i n g s  showed f r i n g e  d i s t o r t i o n s  of about 1/4 
f r i n g e  before  i r r a d i a t i o n ,  One sample w a s  g iven a 
dose a t  1,O Mev of 3.5  x electrons/cm2 and showed 
no s i g n i f i c a n t  change i n  deformation,  The o t h e r  re- 
2 ae ived  a dose a t  1.0 Mev uf 2.1 x d5 electrons/em 
and showed a change i n  deformation of  3, 3/4 f r i n g e s  of 
5461A. One cv r ious  p o i s t  of i n t e r e s t  regarding t h e  
Vycor i s  t h a t  a t  3 . 5  x 1013 electyons/cm2 the  c o l o r -  
a t i o n  p e n e t r a t i o n  was the  2-3 mm. as normally seen  
under such  i r r a d i a t i o n ,  A t  t h e  2.1 x 10' e lec tsons lcm 2 
dose,  however, t h e  subsTrate  w a s  browned a l l  t h e  way 
through t o  t h e  back, something w e  have Seen i n  no 
o t h e r  material, 
2.2.3 Deformation VS. Time T e v t s  
I 
A number of g r a t i n g s ,  some irradiate6 as far  back 
as November of 1966, have been set a s i d e  w i t h  no 
s p e c i a l  t rea tment  and p e r i o d i c a l l y  eyaqined t o  de- 
termine how the  s u r f a c e  deformatipn has v a r i e d  w i t h  
t i m e .  The data f o  date is  summarized I n  Table 11, 
TABLE I1 
Var i a t ion  of Radia t ion  Induced Deformation 
With Time S ince  t h e  I r r a d i a t i o n  
Deformation ( I n  f r i n g e s  of 5461(A) 
Gra t ing  (1) Pre Post( ') Most Recent 
SlB(BSC2) 1/4 1% ( 9/30/67 ) 1% (8/7/68) 
G2B(B$C2) 1/2 1 (9/30/67) 1/4 (8/7/68) 8,4 x 10 
12 31C (Pyrex ) 1/8 2%( 10/22/66 ) 1% (8/7/68) ,6 x 10 
I251All(Pyrex)  1/3 1%(10/22/66) 1% (8/7/68) 2 ,8  x 10 
125fA14(Pyrex) 1/3 1 3/4(10/22/66) Q.9(8/7/68) 3 , O  x 10 
_ _ _ . -  
13 
15 
15 
15 
(1) G 1 B  and G2B -- 50 mm. diam. x 10 mm, t h i c k  
1231C, 5338, 1251Al1, and 1251A14 -- 2 11'4" x 2 11'4" x 3/8" 
(2)  Within 48 hours  after i r r a d i a t i o n  
A s  might be expected,  t h e  recovery from t h e  
i r r a d i a t i o n  shows a v a r i a t i o n  wi th  i n i t i a l  dose and 
p o s s i b l y  a l s o  wi th  t h e  shape of t h e  g r a t i n g ,  The most 
important p o i n t ,  however ,  i s  t h a t  t h e  g r a t i n g s  do re- 
cover  and roughly a t  t h e  rate of 31'4 f r inge /yea r  for 
BSC2 and 3/8 f r inge /yea r  f o r ' P y r e x ,  
It w i l l  be c a l l e d  t h a t  earlier experiments  showed 
t h a t  irradiated aluminized s u b s t r a t e s  when sub jec t ed  
t o  s e v e r a l  hundred degrees  cen t ig rade  hea t ing  d i d  show 
I 
a recovery t o  n e a r l y  t h e i r  p r e i r r a d i a t i o n  deformation. 
To t h i s  date no means has  been found t o  do t h i s  wi th  
t h e  r e p l s c a  g r a t i n g s  since they  cannot  be hea ted  
s u f f i c i e n t l y  wi thout  ru in ing  t h e  r e p l i c a t i o n  material. 
Pro- r r r a d i a t i o n  by in t ense  u l t r a v i o l e t  l i g h t  has been 
pqsed and an unsucGessfu1 a t tempt  made a t  r e l i e v i n g  
t h e  r a d i a t i o n  induced stress, 
9, 
2,2,4 I n t e r f e r o m e t r i c  Concave Gra t ing  T e s t  B e d  
While t h e  opt ics  f o r  t h i s  u n i t  have been completed, 
t h e  laser f a i l ed  dur ing  e a r l y  tests and i t  w a s  decided 
t o  postpone t h i s  phase of t h e  p r o j e c t  u n t i l  t h e  for th-  
coming p e r i o d ,  The laqer has  now been repaired,, 
2,2.5 
An u l t r a  h igh  vacuum sys t em capable  of reaching  
2 x lom8 torr w i t h o u t  bakeout and i n t o  t h e  torr 
range w i t h  bakeout has been r e c e i v e d o  The s y s t e m  i s  
be ing  modif ied for thermal  vacuum s t r e s s i n g  of r q p l i c a  
g r a t i n g s  a t  p r e s s u r e s  more n e a r l y  approximating those 
of space  t h a n  w e  can c u r r e n t l y  $chieve,  The i n i t i a l  
experiments  have involved  developing a method of 
mounting a windqw of i q t e r f e r o m e t r i c  q u a l i t y  and at t h e  
same t i m e  p r e s e r v i n g  t h e  vacuum i n t e g r i t y ,  The f i r s t  
windows of o r d i n a r y  1/2" p l a t e  glass tes ted demonstrated 
t h a t  t h e  proposed O-ring system sat isf ied t h e  Vacuum 
i n t e g r i t y  requirement ,  One inch  t h i c k  windows of 
opt ical  q u a l i t y  are c u r r e n t l y  be ing  ground and po l i shed ,  
3,Q Conclusions t o  D a t e  
Primary effor t  du r ing  t h i s  p e r i o d  has  involved  t h e  
t e s t i n g  and m o d i f i c a t i a n  of t h e  test  bed-thermal skid 
system t o  a l l o w  a w i d e r  thermal  range through use  of 
a special r e f r i g e r a n t ,  Dupont E-3. The problems re- 
maining are t h e  procurement of a s i n g l e  pump t h a t  w i l l  
o p e r a t e  over  t h e  T e q u i s i t e  tempera ture  range and 
s a t i s l a c t o r y  i n s u l a t i o n  of t h e  i n p u t  b r i n e  l i n e s  t o  
the  t e s t  bed,, 
These thermal  vacuum experiments  show t h e  ippor tance  
of the i n - s i t u  experiments--experiments t h a t  obviously 
cannot  be done a t  a l l  without  t h e  s p e c i a l  tes t  bed- 
thermal skid sys t em designed e x p r e s s l y  and uniquely 
f o r  these measurements, For t h e  f irst  t i m e  w e  are a b l e  
t o  d u p l i c a t e  what a r e p l i c a  d i f f r a c t i o n  g r a t i n g  a c t u a l l y  
undergoes i n  a space environment and observe d i r e c t l y  
how the g r a t i n g  respopds under these cond i t ions .  The 
test-stress-test type  of tests done ear l ier  w e r e  
extremely va luab le  as p i l o t  experiments  b u t  t h e i r  value 
as p r e d i c t o r s  of a c t u a l  in-space f l i g h t  performance 
w a s  known even then t o  be l imi t ed .  
I r r a d i a t i o n  experiments  designed t o  f u r n i s h  data 
basic t o  t e s t i n g  t h e  response of concave r e p l i c a  
d i f f r a c t i o n  g r a t i n g s  have cont inued,  T e s t s  of m a t e r i a l s  
b a s i c  t o  t h e  be t te r  r e p l i c a  d i f f r a c t i o n  g r a t i n g s  have 
been extended t o  inc lude  f u s e d  q u a r t z  and C e r v i t ,  A t  
t h i s  p o i n t  i t  would appear t h a t  far and away t h e  best 
mat,erial i n s o f a r  as r e s i s t a n c e  t o  deformation by 1.0 
Mev e l e c t r o n s  i s  concerned i s  s y n t h e t i c  fused  s i l i c a  
w i t h  both Dynasi l  and GE151 performing s u b s t a n t i a l l y  
the  s a m e .  It now appears c e r t a i n  t h a t  a t  least  f o r  1 , O  Mev 
e l e c t r o n s  t h a t  there i s  no reason wBy r e p l i c a  d i f f r a c t i o n  
g r a t i n g s  should not  be cons idered  as r a d i a t j o n  r e s i s t a n t  
as o r i g i n a l  masters. T h i s  conclus ion  i s  reached an 
t h e  b a s i s  of measurements on both r e p l i c a  g r a t i n g s  and 
aluminized s u b s t r a t e s ,  
4, Plans For Forthcoming Six-Month Period 
4.1 Thermal Vacuum S t r e s s i n g  
As soon as t h e  new pwmp i s  i n s t a l l e d ,  t h e  t h e r m a l  
vacuum s t r e s s i n g  a t  both high and l o w  temperatures  of 
the  rest of  t he  concave g r a t i n g s  w i l l  be  undertaken,  
Of p a r t i c u l a r  i n t e r e s t  w i l l  be  t h e  tests of an o r i g i n a l  
master and a replica taken f r Q m  t h i s  master. These 
v i t a l  i n - s i t u  measurements are of cour se  p o s s i b l e  only 
through use  of t h e  s p e c i a l  test  bed-thermal skid system 
designed earlier f o r  t h i s  s p e c i f i c  set of experiments ,  
4,2 Part ic le  I r r a d i a t i o n  
Primary emphasis w i l l  be  p laced ,  accordirig t o  
p r i o r  HC-NASA conference agreement, on i r r a d i a t i n g  
those  concave g r a t i n g s  t ha t  pass  t h e  thqrmal-vacuum 
tests. The va lue  of t h e  previous  tes ts  using f l a t  
r e p l i c a  g r a t i n g s  and aluminized s u b s t r a t e s  i s  now 
apparent  as these tests obv ia t e  t h e  necessg ty  of un- 
necessary  t e s t i n g  a t  r a d i a t i o n  doses t h a t  are now known 
t o  produce no r a d i a t i o n  damage, These pre l iminary  tests 
have d e l i b e r a t e l y  encompassed most of t h e  t y p e s  of sub- 
s t ra te  materials used i n  t h e  manufacture of concave 
replica d i f f r a c t i o n  g r a t i n g s ,  
4.3 
With t h e  repair of t h e  laser, w o r k  on t h e  i n t e r -  
f e romet r i c  concave g r a t i n g  t e s t  bed w i l l  be resumed as 
soon as the test bed-thermal s k i d  system i s  o p e r a t i o n a l  
throughout  i t s  designed thermal  range. 
4*4 
The u l t r a  h igh  vacuum system modif ica t ions  w i l l  
a l l o w  thermal  vacuum t e s t i n g  of g r a t i n g s  i n  the 
torr, or better,  range. Because of t h i s  u $ t r a  h igh  
vacuum, t h e  s y s t e m  must be much "cleaner '? than  The 
o t h e r  test bed. By des ign  t h e  thermal s k i d  i s  useable  
with both  s y s t e m s  al though n o t  s imultaneously.  Prkmary 
emphasis w i l l  be p laced  on t h e  w o r k  o u t l i n e d  i n  s e c t i o n s  
4.1 but  p r e s e n t  schedul ing cal ls  f o r  complet ion of an 
o p t i c a l  test unit fpr use  i n  the u l t r a  high vacuum 
tes t  bedo 
5, Personnel  
5,l Sen io r  S t a f f  
While each of t h e  senior s taff  p a r t i c i p a t e 9  i n  
some phase of a l l  of t h e  tes ts ,  t h e  p r i n c i p a l  area 
of r e s p o n s i b i l i t y  05 each i n v e s t i g a t o r  i s  as shown: 
D r ,  Roy C. Gunter ,  Jr , ,  Holy Cross  Col lege -- 
p r i n c i p a l  i n v e s t i g a t o r  
D r ,  F ranc i s  We Kaseta, Holy C r o s s  Col lege  -- 
vacuum and e lectr ical  measurements 
5.2 Student  S t a f f  
Although many s t u d e n t s  have been involved i n  one 
phase o r  another  of t h e  program, t h e  fo l lowing  w e r e  
t hose  wi th  specific assignments  : 
P h i l i p  Morrison -- 
thermal  vacuum s t r e s s i n g  and l i n e  p r o f i l e s  
Michael K e l l y  -- 
r a d i a t i o n  s tud ies  
James Fienup -- 
u l t r a  h igh  vacuum test bed 
5.3 
M r ,  Lester Fa Lowe, AFCRL - i r r a d i a t i o n  tests 
Dr. Paul  M, Waters, D r .  Richard F, Woodcock, 
M r ,  Samuel F. Walton, Mr, C o l i n  Yates, Research 
Department of American O p t i c a l  Co. -- g l a s s  s t r e s s i n g  
and tests 
Mr. Richard Schmit t  and co l l eagues  of t h e  J a r r e l l - A s h  
C o o ,  Gra t ing  Labora to r i e s  - Repl i ca t ion  and tests 
D r ,  S h i e l d s  Warren and M r ,  Russel  Cowing of t h e  
New England Deaconess Hosp i t a l ,  Cancer Research 
Institute - radiosotope measurements 
Dr, Eugene Coyner, E, I, Dupont De Nemours - 
consultation on wide thermal range refrigerants 
Mr, Martin Saepoff, Dynasil, Inc, - samples of 
Dynasi I 
Mr. John D, Barker, General Electric, Inc, - samples 
of GE125 and GE151 
Mw, L. M, DonLey, Owens-Illinois, Inc, - samples of 
Cervit, 
